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(57) ABSTRACT

A solar cell hollow circuit is provided. The solar cell hollow
circuit includes a substrate, a first conductive layer, a pho-
toelectric conversion layer and a second conductive layer.
The first conductive layer is formed on the substrate. The
photoelectric conversion layer is formed on the first con-
ductive layer. The second conductive layer is formed on the
photoelectric conversion layer. A hollow surround area is
formed on the substrate by the first conductive layer, the
photoelectric conversion layer and the second conductive
layer. The hollow surround area defines an opening and a
positive contact or a negative contact corresponding to the
opening.
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1
SOLAR CELL HOLLOW CIRCUIT AND
SOLAR CELL DISPLAY DEVICE

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 105130188, filed Sep. 19, 2016, which is
herein incorporated by reference.

BACKGROUND

Technical Field

The present disclosure relates to a solar cell circuit and a
display device, and more particularly to a solar cell hollow
circuit and a solar cell display device.

Description of Related Art

Electrochemical battery such as Lithium ion battery or
Nickel-Metal Hydride battery is commonly equipped on a
display device for providing electricity. However, such kind
of electrochemical battery is not suitable for long-time use
due to its low electricity capacity. Although rechargeable
batteries have been developed nowadays, its electricity
capacities are also limited, and its multiple recharging cycles
cause inconvenience on usage. Powerbanks are also devel-
oped for providing instant power supply. However, pre-
charging is also required when using the powerbanks; more-
over, an extra space is needed to carry the powerbanks, and
the volume thereof is too large. Therefore, it is also incon-
venient to use the powerbanks. For solving the low elec-
tricity capacity and the low endurance problems, a solar cell
is integrated with the display device for providing a con-
tinuous electric power through converting the light energy of
the sunlight or the indoor lighting.

The aforementioned solar cell basically includes a pho-
toelectric conversion layer for converting light energy to
electric energy, and two electrodes located on the top side
and the bottom side of the photoelectric conversion layer
respectively. When an incident light is absorbed and con-
verted by the photoelectric layer, the electric energy is
generated. An inner circuit is generated through the two
electrodes on the top side and the bottom side of the
photoelectric conversion layer, and the electricity can be
supplied to the device that connected with the inner circuit.
In an application scenario, multiple solar cells are connected
in series to form a solar cell module. Referring to FIGS. 1-3.
FIG. 1 shows a structure of a conventional solar cell module
100 including multiple series-connected solar cells; FIG. 2
is a section view of the solar cell module 100 of FIG. 1; FIG.
3 is a circuit diagram of the solar cell module 100 of FIG.
1. A positive electrode layer 102, a photoelectric conversion
layer 103 and a negative electrode layer 104 are stacked on
a substrate 101 in sequence. In order to form the large-scaled
solar cell module 100, a first isolation area I;, a second
isolation area I, and a third isolation area I; are formed. The
first isolation area I, is through the photoelectric conversion
layer 103 and the negative electrode layer 104, the second
isolation area 1, is through the photoelectric conversion layer
103 and the third isolation area I; is through the positive
electrode layer 102. In FIG. 3, an inner circuit S is formed
through the first isolation area I, the second isolation area
1, and the third isolation area 15, and a negative contact 106
and a positive contact 107 located on a plane are formed
through the soldered point 105. The negative contact 106
and a positive contact 107 can be used to connect with an
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outer circuit for extracting the electric energy converted by
the photoelectric conversion layer 103.

In the aforementioned solar cell module 100, although a
large light-absorption area can be formed by the solar cells
connected in series, the fill factor is decreased with the
increasing area thereby lowering the electricity extraction
efficiency. Conventionally, a viewable area will be decreased
when assembling the solar cell module 100 with a display
device owing to the distinctly different structures therebe-
tween. Therefore, it is difficult for developing a display
device with both compact volume and large viewable area.

Accordingly, there is a need to develop a solar cell module
that can provide sufficient electricity, has compact volume
and can be highly integrated with the display device nowa-
days.

SUMMARY

According to one aspect of the present disclosure, a solar
cell hollow circuit is provided. The solar cell hollow circuit
includes a substrate, a first conductive layer, a photoelectric
conversion layer and a second conductive layer. The first
conductive layer is formed on the substrate. The photoelec-
tric conversion layer is formed on the first conductive layer.
The second conductive layer formed on the photoelectric
conversion layer. Wherein a hollow surround area is formed
on the substrate by the first conductive layer, the photoelec-
tric conversion layer and the second conductive layer, the
hollow surround area defines an opening, and the hollow
surround area defines a positive contact or a negative contact
corresponding to the opening.

According to another aspect of the present disclosure, a
solar cell display device is provided. The solar cell display
device includes a substrate, a first conductive layer, a
photoelectric conversion layer, a second conductive layer
and a display panel. The first conductive layer is formed on
the substrate. The photoelectric conversion layer is formed
on the first conductive layer. The second conductive layer is
formed on the photoelectric conversion layer, wherein a
hollow surround area is formed on the substrate by the first
conductive layer, the photoelectric conversion layer and the
second conductive layer, and the hollow surround area
defines an opening in a central position of the substrate. The
display panel is covered on the opening and displaying texts
or images on a position corresponding to the opening.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows:

FIG. 1 shows a structure of a conventional solar cell
module including multiple series-connected solar cells;

FIG. 2 is a section view of the solar cell module of FIG.
1

FIG. 3 is a circuit diagram of the solar cell module of FIG.
1

FIG. 4A is a section view showing a solar cell hollow
circuit according to one embodiment of the present disclo-
sure;

FIG. 4B is a top view of the solar cell hollow circuit of
FIG. 4A;

FIG. 5A is a section view showing a solar cell hollow
circuit according to one embodiment of the present disclo-
sure;
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FIG. 5B is a top view of the solar cell hollow circuit FIG.
5A;

FIG. 6A is a section view showing a solar cell hollow
circuit according to one embodiment of the present disclo-
sure;

FIG. 6B is a top view of the solar cell hollow circuit of
FIG. 6A;

FIG. 7A is a section view showing a solar cell hollow
circuit according to one embodiment of the present disclo-
sure;

FIG. 7B is a top view of the solar cell hollow circuit of
FIG. 7A;

FIG. 8 is a schematic view showing a positive contact and
a negative contact of a solar cell hollow circuit according to
one embodiment of the present disclosure;

FIG. 9 is a schematic view of a solar cell display device
according to one embodiment of the present disclosure;

FIG. 10A is a section view showing the solar cell display
device of FIG. 9 and a light is incident from a substrate; and

FIG. 10B is a section view showing the solar cell display
device of FIG. 9 and a light is incident from a display panel.

DETAILED DESCRIPTION

It is a purpose of the present disclosure to provide a solar
cell hollow circuit. The solar cell hollow circuit can be easily
integrated with the display device nowadays. Furthermore,
the solar cell display device with the solar cell hollow circuit
has a large viewable area, and the layout of the positive
contact and the negative contact of the solar cell hollow
circuit has flexible and wide application types.

FIG. 4A is a section view showing a solar cell hollow
circuit 200 according to one embodiment of the present
disclosure; FIG. 4B is a top view of the solar cell hollow
circuit 200 of FIG. 4A. The solar cell hollow circuit 200
includes a substrate 201, a first conductive layer 202, a
photoelectric conversion layer 203 and a second conductive
layer 204. The first conductive layer 202 is formed on the
substrate 201. The photoelectric conversion layer 203 is
formed on the first conductive layer 202. The second con-
ductive layer 204 is formed on the photoelectric conversion
layer 203. A hollow surround area A is formed on the
substrate 201 by the first conductive layer 202, the photo-
electric conversion layer 203 and the second conductive
layer 204. The hollow surround area A defines an opening O
on a central position of the substrate 201. The hollow
surround area A can be formed after forming the first
conductive layer 202, the photoelectric conversion layer 203
or the second conductive layer 204; or can be formed after
forming a first conductive layer 202/photoelectric conver-
sion layer 203/second conductive layer 204 multiple layer
structure.

The photoelectric conversion layer 203 is used to convert
light energy to electric energy. The photoelectric conversion
layer 203 is essentially a thin-film solar cell, the material of
the photoelectric conversion layer 203 can be single crystal
silicon, amorphous silicon (a-Si), micro-crystal silicon (uc-
Si), amorphous Silicon-Germanium (a-SiGe), amorphous
silicon oxide (a-SiO), amorphous silicon carbide (a-SiC),
CulnGaSe, CdTe, DSSC or organic compound. The first
conductive layer 201 and the second conductive layer 204
are used to extract the electric energy. In general, the
material of the first conductive layer 202 can be a TCO, a
metal or a combination thereof and the material of the
second conductive layer 204 can be a TCO, a metal or a
combination thereof.
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For constructing a practicable circuit, a first isolation area
1, is formed on the first conductive layer 202, and the first
isolation area I, is through the photoelectric conversion layer
203 and the second conductive layer 204. A second isolation
area 1, is also formed on the conductive layer 202, the
second isolation area I, is through the photoelectric conver-
sion layer 203, and the second conductive layer 204 fills the
second isolation area I,.

The hollow surround area A is isolated by the first
isolation area I, thereby forming a first surround area A,
adjacent to the opening O and a second surround area A,
away from the opening O. In FIGS. 4A and 4B, the first
surround area A, acts a positive contact, and the second
surround area A, acts a negative contact. The material of the
first conductive layer 202 can be a TCO, a metal or a
combination thereof and acts as the positive contact, and the
material of the second conductive layer 204 can be a TCO,
a metal or a combination thereof and acts as the negative
contact. The first surround area A, is conducted with the
second conductive layer 204, and the second surround area
A, is conducted with the first conductive layer 202 owing to
the formation of the first isolation area I, and the second
isolation area I,. When a light L is incident from the
substrate 201 to the photoelectric conversion layer 203, the
light energy is converted to the electric energy, and an inner
circuit S is generated. At the time, the electric energy can be
extracted by the negative contact formed form the first
surround area A; and the positive contact formed from the
second surround area A,. In the present disclosure, the
position of the positive contact and the negative contact can
be changed in accordance with different structural arrange-
ments. In some embodiments, the first surround area A, can
act as the positive contact, and the second surround area A,
acts as the negative contact. The various arrangements of the
positive contact and the negative contact will be described in
the following embodiments.

FIG. 5A is a section view showing a solar cell hollow
circuit 200 according to one embodiment of the present
disclosure; FIG. 5B is a top view of the solar cell hollow
circuit 200 of FIG. 5A. The solar cell hollow circuits 200 in
FIGS. 5A and 5B have similar structure with those in FIGS.
4A and 4B, but the positions of the first isolation area I, and
the second isolation I, are different. In FIG. 5A, owing to the
different positions of the first isolation area I, and the second
isolation I,, the first surround area A, is conducted with the
first conductive layer 202, and the second surround area A,
is conducted with the second conductive layer 204, thereby
causing a reverse direction of the inner circuit S in FIG. 4A.
At the time, the first surround area A, adjacent to the
opening O acts the positive contact and the second surround
area A, away from the opening O acts the negative contact.
The different arrangements of the positive contact and the
negative contact are also shown in FIG. 5B.

The solar cell hollow circuit 200 can form series circuits
on the hollow surround area A for various applications.

FIG. 6A is a section view showing a solar cell hollow
circuit 200 according to one embodiment of the present
disclosure; FIG. 6B is a top view of the solar cell hollow
circuit 200 of FIG. 6A. The solar cell hollow circuit 200 in
FIG. 6A has a similar structure with those in FIG. 4A, the
hollow surround area A is also formed on the substrate 201.
In FIG. 6A, the solar cell hollow circuit 200 includes a
plurality of first isolation areas I, a plurality of second
isolation areas I, and a third isolation area I;. The first
isolation areas I, are formed on the first conductive layer 202
and each of the first isolation areas I, is through the photo-
electric conversion layer 203 and the second conductive
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layer 204. The second isolation areas 1, are formed on the
conductive layer 202 and each of the second isolation area
1, is through the photoelectric conversion layer 203. The
second conductive layer 204 fills each of the second isola-
tion areas I,. The third isolation area I; is formed on the
substrate, and the third isolation area I; is through the first
conductive layer 202. The third isolation area I is located
between one of the first isolation areas ii and one of the
second isolation areas 1,. In FIG. 6A, the hollow surround
area A is isolated by each of the first isolation areas I,
thereby forming a first surround area A, adjacent to the
opening S, a second surround area A, away from the opening
S and a third surround area A; located between the first
surround area A, and the second surround area A,. When the
light L is incident to the photoelectric conversion layer 203,
the inner circuit S is shown in FIG. 6 A. In FIG. 6A, the solar
cell hollow circuit 200 can be seen as a connection of a
plurality of structural units U. Each of the structural units U
includes a first isolation area I, a second isolation area 1,
and a third isolation area 1. The structural units U is
connected repeatedly, and through the third isolation area I,
the positive (negative) contact of one of the structural units
U is conducted with the negative (positive) contact of the
adjacent structural units U, thereby forming a series con-
nection of the inner circuit S.

FIG. 7A is a section view showing a solar cell hollow
circuit 200 according to one embodiment of the present
disclosure; FIG. 7B is a top view of the solar cell hollow
circuit 200 of FIG. 7A. The solar cell hollow circuit 200 in
FIGS. 7A and 7B has a similar structure with those in FIGS.
6A and 6B, but the positions of the first isolation areas I, and
the second isolation areas 1, are different. The third isolation
area I, is also located between one of the first isolation area
1, and one of the second isolation areas I,. In FIG. 7A, owing
to the different positions of the first isolation area I, and the
second isolation area 1,, a reverse direction of the inner
circuit S in FIG. 6A is generated. At the time, the first
surround area A, adjacent to the opening O acts the positive
contact and the second surround area A, away from the
opening O acts the negative contact. The different arrange-
ments of the positive contact and the negative contact are
also shown in FIG. 7B.

FIG. 8 is a schematic view showing a positive contact and
a negative contact of a solar cell hollow circuit 200 accord-
ing to one embodiment of the present disclosure. In the
embodiment of FIG. 4, it has been demonstrated that the first
surround area A acts as the negative contact and the second
surround area A, acts as the positive contact through the
formation of the first isolation area I, and the second
isolation area I,. For simplifying the manufacturing process,
another embodiment of the solar cell hollow circuit 200 is
shown in FIG. 8. In one kind of manufacturing process, the
photoelectric conversion layer 203 is formed first, and then
the second isolation area 1,, the second conductive layer 204
and the first isolation area I, are formed in sequence. In
general, the first isolation area I, and the second isolation
area 1, are formed by a laser scribing process, and the
photoelectric conversion layer 203 and the second conduc-
tive layer 204 are formed by a film coating process. In order
to avoid the inconvenience when crossly performing the
laser scribing process and the film coating process, all of the
film coating processes can be performed first then perform-
ing all of the laser scribing processes. For example, the
photoelectric conversion layer 203 and the second conduc-
tive layer 204 are formed first by the film coating processes,
and the first isolation area I, and a second isolation area I,
are formed in sequence; or the second isolation area I,' is
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formed and then forming the first isolation area I;. At the
time, since the first isolation area I, and the second isolation
area 12' are all scribed through the photoelectric conversion
layer 203 and the second conductive layer 204, the second
isolation area I,' cannot act as the positive contact as the
second isolation area I, in the aforementioned embodiments.
For forming the positive contact, a conductive material 205
is filled in the second isolation area I,' by printing or any
possible methods.

FIG. 9 is a schematic view of a solar cell display device
300 according to one embodiment of the present disclosure;
FIG. 10A is a section view showing the solar cell display
device 300 of FIG. 9 and a light L is incident from a
substrate 201; FIG. 10B is a section view showing the solar
cell display device 300 of FIG. 9 and a light L is incident
from a display panel 301. FIG. 9 shows an application of the
solar cell hollow circuit 200, a solar cell display device 300
is formed by assembling the solar cell hollow circuit 200
with a display panel 301. The display panel 301 can be a
touch panel or non-touch panel. In FIG. 9, a mobile e-reader
is taken as an example. The display panel 301 is covered on
the opening S located in the central position of the substrate
201 for displaying texts or images corresponding to the
opening S. At the time, the hollow surround area A of the
solar cell hollow circuit 200 is correspondingly located
under the frame of the e-reader. Through the solar cell
hollow circuit 200, it is possible to storage electric energy
for providing the electricity to the display panel 301 and to
read the messages simultaneously. In the solar cell hollow
circuit 200 of the present disclosure, the path of the carrier
in the first conductive layer 202 is short, thereby increasing
the fill factor and the electricity extraction efficiency. Thus,
it can provide enough electricity when the area of the hollow
surround area A is only Y4 of the area of the opening O.
Therefore, the display panel 301 can use the larger area for
display texts or images. Furthermore, through the arrange-
ments of the first conductive layer 202 and the second
conductive layer 204, the solar cell display device 300 can
have wide applications. For example, the solar cell display
device 300 can be easily integrated with an outer device
without extra processes or increasing the volume thereof.

In the present disclosure, the first conductive layer 202 or
the second conductive layer 204 can act as the positive
contact or the negative contact in accordance with different
situations. In FIG. 10A, the first conductive layer 202 selects
apositive electrode material and the second conductive layer
204 selects a negative electrode material. Therefore, the first
surround area A, adjacent to the opening O acts as the
negative contact, and the second surround area A, away
from the opening O acts as the positive contact. At the time,
the light L. is incident through the substrate 201 to the
photoelectric conversion layer 203 for converting the light
energy to the electric energy and generating the inner circuit
S.

Another embodiment is shown in FIG. 10B. In FIG. 10B,
the first conductive layer 202 selects a negative electrode
material and the second conductive layer 204 selects a
positive electrode material. Therefore, the first surround area
A, adjacent to the opening O acts as the positive contact, and
the second surround area A, away from the opening O acts
as the negative contact. At the time, the light L is incident
through the display panel 301 to the photoelectric conver-
sion layer 203 for converting the light energy to the electric
energy and generating the inner circuit S.

The positive contact, the negative contact and the incident
direction of the light [. can be adjusted for obtaining wider
applications.
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In sum, the solar cell hollow circuit 200 of the present
disclosure can be easily assembled with the display panel
301 for constructing the solar cell display device 300. The
solar cell display device 300 can have a wider viewable area
and more connection flexibility owing to the arrangements
of the positive contact and the negative contact.

Although the present disclosure has been described in
considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is
intended that the present disclosure cover modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What is claimed is:

1. A solar cell hollow circuit, comprising:

a substrate;

a first conductive layer formed on the substrate;

a photoelectric conversion layer formed on the first con-

ductive layer; and

a second conductive layer formed on the photoelectric

conversion layer;

wherein a hollow surround area is formed on the substrate

by the first conductive layer, the photoelectric conver-
sion layer and the second conductive layer, the hollow
surround area defines an opening, and the hollow
surround area defines a positive contact or a negative
contact corresponding to the opening;

wherein a first isolation area is formed on the first

conductive layer, and the first isolation area is through
the photoelectric conversion layer and the second con-
ductive layer;

wherein the hollow surround area is isolated by the first

isolation area thereby forming a first surround area
adjacent to the opening and a second surround area
away from the opening.

2. The solar cell hollow circuit of claim 1, wherein a
material of the first conductive layer comprises a TCO, a
metal or a combination thereof, and a material of the second
conductive layer comprises a TCO, a metal or a combination
thereof.

3. The solar cell hollow circuit of claim 1, wherein a
material of the photoelectric conversion layer comprises
single crystal silicon, amorphous silicon (a-Si), micro-crys-
tal silicon (uc-Si), amorphous Silicon-Germanium (a-SiGe),
amorphous silicon oxide (a-SiO), amorphous silicon carbide
(a-SiC), CulnGaSe, CdTe, DSSC or organic compound.

4. The solar cell hollow circuit of claim 1, wherein a
second isolation area is formed on the first conductive layer,
the second isolation area is through the photoelectric con-
version layer, and the second conductive layer fills the
second isolation area.

5. The solar cell hollow circuit of claim 1, wherein the first
surround area acts as the positive contact and the second
surround area acts as the negative contact.
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6. The solar cell hollow circuit of claim 1, wherein the first
surround area acts as the negative contact and the second
surround area acts as the positive contact.

7. The solar cell hollow circuit of claim 1, wherein a
plurality of first isolation areas and a plurality of second
isolation areas are formed on the first conductive layer, a
third isolation area is formed on the substrate, each of the
first isolation areas is through the photoelectric conversion
layer and the second conductive layer, each of the second
isolation areas is through the photoelectric conversion layer,
the second conductive layer fills the second isolation area,
the third isolation layer is through the first conductive layer,
and the third isolation layer is located between one of the
second isolation areas and one of the first isolation areas.

8. The solar cell hollow circuit of claim 7, wherein the
hollow surround area is isolated by each of the first isolation
areas thereby forming a first surround area adjacent to the
opening, a second surround area away from the opening and
a third surround area located between the first surround area
and the second surround area.

9. The solar cell hollow circuit of claim 8, wherein the first
surround area acts as the positive contact and the second
surround area acts as the negative contact.

10. The solar cell hollow circuit of claim 8, wherein the
first surround area acts as the negative contact and the
second surround area acts as the positive contact.

11. A solar cell display device, comprising:

a substrate;

a first conductive layer formed on the substrate;

a photoelectric conversion layer formed on the first con-

ductive layer;

a second conductive layer formed on the photoelectric
conversion layer, wherein a hollow surround area is
formed on the substrate by the first conductive layer,
the photoelectric conversion layer and the second con-
ductive layer, and the hollow surround area defines an
opening in a central position of the substrate; and

a display panel covered on the opening and displaying
texts or images on a position corresponding to the
opening;

wherein a first isolation area is formed on the first
conductive layer, and the first isolation area is through
the photoelectric conversion layer and the second con-
ductive layer;

wherein the hollow surround area is isolated by the first
isolation area thereby forming a first surround area
adjacent to the opening and a second surround area
away from the opening.

12. The solar cell display device of claim 11, wherein the

display panel is a touch panel or non-touch panel.

13. The solar cell display device of claim 11, wherein an
area of the hollow surround area is Y4 of an area of the
opening.

14. The solar cell display device of claim 11, wherein the
hollow surround area defines a positive contact or a negative
contact corresponding to the opening.
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